Introduction
============

Oral squamous cell carcinoma (OSCC) is the commonest type of oral tumor, accounting for 90% of all oral malignancies and 38% of head and neck tumors; \>500,000 patients are newly diagnosed with OSCC every year worldwide ([@b1-etm-0-0-8738]). Surgical resection, chemo-radiotherapy and the latest emerging molecular targeted therapy are common treatments for OSCC, but the 5-year survival rate of OSCC patients remains \<50% due to the high degree of malignancy, postoperative recurrence and metastasis ([@b2-etm-0-0-8738],[@b3-etm-0-0-8738]). Finding new effective therapeutic targets and exploring molecular mechanisms are particularly important for improving the prognosis of patients with OSCC.

In recent years, with the widespread development of second-generation sequencing technology, the importance of long non-coding RNAs (lncRNAs) in many human diseases has been recognized by researchers. Accumulating research data indicate that lncRNAs participate in the occurrence and development of tumors at several levels ([@b4-etm-0-0-8738],[@b5-etm-0-0-8738]). Some lncRNAs have been shown to be abnormally expressed in OSCC and participate in the development of OSCC ([@b6-etm-0-0-8738]). lncRNAs including FTH1P3, GTF2IRD2P1 and PDIA3F may be responsible for OSCC progression and metastasis by targeting the matrix metallopeptidase family and interleukin 8([@b6-etm-0-0-8738]). Metastasis associated lung adenocarcinoma transcript 1 (MALAT1) has been found to be upregulated in OSCC in a recent study, and the growth of OSCC in nude mice is greatly inhibited by downregulation of MALAT1([@b7-etm-0-0-8738]).

The present study detected the expression of MCM3AP-AS1 in OSCC and investigated the underlying mechanisms of MCM3AP-AS1 in OSCC. It identified a potential effective therapeutic target for OSCC and laid a new theoretical foundation for the targeted therapy of OSCC.

Materials and methods
=====================

### Patients and tissues

Between July 2015 and April 2018, 36 patients (age, 47-54 years; mean age, 55±7.3 years) with OSCC volunteered to join the study and all patients provided written informed consent. The present study was approved by the Ethics Committee of Zaozhuang Municipal Hospital.

All patients had undergone surgical resection, and information on their clinicopathological features, such as age, sex, clinical stage and lymph node metastasis, was recorded. During surgery, normal tissues and tumor tissues were obtained and immediately stored in liquid nitrogen ([Table I](#tI-etm-0-0-8738){ref-type="table"}).

### Cell lines and culture

In the present study, human oral keratinocytes (HOK cells; Shanghai Key Laboratory of Stomatology) and OSCC cells (SCC-9, SCC-15 and CAL-27; American Type Culture Collection) were maintained in sterile culture flasks containing 2.5 ml complete DMEM. Penicillin (1%), streptomycin (1%) and fetal bovine serum (FBS; 10%; Gibco; Thermo Fisher Scientific, Inc.) were dissolved in the DMEM to produce complete DMEM. The flasks were placed in a 5% CO~2~ incubator at 37˚C and 95% humidity. The complete DMEM was changed every 3 days.

### Cell transfection

SCC-15 and CAL-27 cells suspended in serum-free DMEM (2x10^5^ cells/ml) were subjected to transfection with small interfering (si)-MCM3AP-AS1 (100 nM; si-MCM3AP-AS1 group; 5\'-GCTGCTAATGGCAACACTGA-3\') and negative control (NC; si-NC group; 5\'-TTCTCCGAACGTGTCACGTTT-3\'). siRNA was purchased from Guangzhou Geneseed Biotech Co., Ltd. miR-363-5p mimic (100 nM; 5\'-UUUAACGUAGCACUAGGUGGGC-3\'), miR-363-5p inhibitor (100 nM 5\'-AAAUUGCAUCGUGAUCCACCCG-3\') and the negative control (5\'-ACAUCUGCGUAAGAUUCGAGUCUA-3\') were provided by RiboBio Co., Ltd. All transfections were performed using Lipofectamine^®^ 2000 (Thermo Fisher Scientific, Inc.). Cells successfully transfected were screened 48 h after transfection and further cultured in complete DMEM in the 5% CO~2~ incubator at 37˚C and 95% humidity.

### CCK-8 assay

A total of 100 µl complete DMEM was added into 96-well plates containing \~1x10^3^ cells/well. Cells were cultured in a 5% CO~2~ incubator at 37˚C and 95% humidity for 24, 48 and 72 h respectively. At each time point, cells of each group were removed from the incubator and 10 µl CCK8 reaction solutions (Dojindo Molecular Technologies, Inc.) was added into each well according to the manufacturer\'s protocol. After 4 h incubation at room temperature, the optical density (OD) of each well was determined at 450 nm wavelength using a microplate reader. Relative proliferation of cells in each well was calculated and OSCC cells transfected with si-NC served as control.

### Transwell experiment

Transwell chambers (8 µm pore; Costar; Corning Inc.) were placed in 24-well plates and 300 µl serum-free DMEM cell suspensions (1x10^5^ cells/ml) were added into the upper chamber. The lower chamber contained 500 µl complete DMEM. The 24-well plates were maintained in the 5% CO~2~ incubator at 37˚C and 95% humidity for 24 h and then cells that failed to migrate were gently scraped off using cotton swabs. Cells that had migrated through the membrane were fixed with formaldehyde for 30 min at 25˚C and stained with crystal violet (0.1%) for 30 min at 25˚C. For the invasion assay, Matrigel (BD Bioscience) was pre-plated for 30 min at 37˚C in the upper chambers and the other procedures were performed as described above. Cells that had successfully migrated and invaded were counted in six random fields of view under a routine light microscope.

### Luciferase reporter gene assay

The binding site of MCM3AP-AS1 and miR-363-5p was located in 3\'-untranslated region (UTR) through analysis using TargetScan version 7.1 (<http://www.targetscan.org/vert_71/>). The 3\'-UTR sequence of MCM3AP-AS1 was amplified and cloned into the pGL3 luciferase reporter vectors. The binding site was mutated to obtain MCM3AP-AS1 mutant type (Mut) using the Quick-change Site-Directed Mutagenesis kit (Agilent Technologies, Inc.). SCC-15 cells of the miR-363-5p group and miR-NC group were seed in six-well plates, and pGL3 luciferase reporter vectors containing the MCM3AP-AS1-Mut and MCM3AP-AS1-wild-type (WT) were used to transfect SCC-15 cells of these two groups. Cells were incubated in the 5% CO~2~ incubator at 37˚C, 95% humidity for 48 h, and the luciferase activities of each well were determined by Dual-Luciferase reporter assay kit (Promega Corporation) and normalized to *Renilla* luciferase activity.

### Reverse transcription-quantitative (RT-q) PCR

Total RNA was extracted from tissues and cells by using TRIzol^®^ (Invitrogen; Thermo Fisher Scientific, Inc.) and the procedure was performed according to the manufacturer\'s protocols. The concentration of each total RNA sample was measured using spectrophotometer. Each RNA sample was subjected to reverse transcription to obtain cDNA at 42˚C for 30 min using the PrimeScript RT Reagent kit (Takara Bio, Inc.) according to the manufacturer\'s protocol. qPCR was performed using SYBR^®^ Premix Ex Taq^™^ kit (Takara Biotechnology Co., Ltd.) on an ABI7300 PCR detection system. The thermocycling conditions were as follows: 40 cycles of 95˚C for 5 min, 95˚C for 10 sec, and 60˚C for 45 sec. The relative expression of MCM3AP-AS1 and miR-363-5p was normalized to U6 using the 2^-ΔΔCq^ method ([@b8-etm-0-0-8738]). MCM3AP-AS1 expression was normalized to GAPDH and miR-363-5p expression was normalized to U6. Primer sequences were as follows: MCM3AP-AS1 forward, 5\'-GCTGCTAATGGCAACACTGA-3\' and reverse, 5\'-AGGTGCTGTCTGGTGGAGAT-3\'; miR-363-5p forward, 5\'-GCAGCAACTAGAAACG-3\' and reverse, 5\'-GCACTCATGCCCATTCATCC-3\'; U6 forward, 5\'-GTGGACCGCACAAGCTCGCT-3\' and reverse, 5\'-TTGTTGAACGGCACTGTGTATAGCA-3\'); and GAPDH forward, 5\'-CAGGAGGCATTGCTGATGAT-3\' and reverse, 5\'-GAAGGCTGGGGCTCATTT-3\'.

### Statistical analysis

Data were processed using SPSS version 18.0 software (SPSS, Inc.) and are expressed as the mean ± standard deviation. Student\'s t-test was applied to perform comparisons between two groups. One-way ANOVA followed by Tukey\'s test was used to analyze datasets with more than two groups. Pearson correlation analysis was used to analyze the correlation between MCM3AP-AS1 and miR-363-5p expression. The association between MCM3AP-AS1 levels and the clinical features of patients was analyzed using the χ^2^ test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of MCM3AP-AS1 increases in OSCC tissues and cells

Tumor tissues and normal tissues were collected from 36 patients with OSCC. It can be seen from [Fig. 1A](#f1-etm-0-0-8738){ref-type="fig"} that, compared with the relative MCM3AP-AS1 expression in normal tissues, it was evidently increased in tumor tissues (P\<0.05). In addition, results from *in vitro* experiments indicated a higher relative MCM3AP-AS1 expression in OSCC cells (including SCC-9, SCC-15 and CAL-27 cell lines) compared with that in HOK cells (P\<0.05). Therefore, the expression of MCM3AP-AS1 was upregulated in OSCC tissues and cells.

### A high MCM3AP-AS1 level is associated with poor prognosis of OSCC patients

The clinicopathological features of 36 patients with OSCC were recorded, including age, sex, clinical stage and lymph node metastasis. These samples were divided into MCM3AP-AS1 high expression and low expression groups according to the median value of MCM3AP-AS1. The relationship between MCM3AP-AS1 expression levels and clinicopathological features of the patients was explored ([Table I](#tI-etm-0-0-8738){ref-type="table"}). It was identified that the MCM3AP-AS1 expression level had no obvious relationship with the age or sex of the patients. However, clinical stage and lymph node metastasis were significantly associated with the expression level of MCM3AP-AS1. Compared with patients with stage I/II and negative lymph node metastasis, a higher proportion of patients with stage III/IV and positive lymph node metastasis exhibited high MCM3AP-AS1 expression (P\<0.05). Thus, high MCM3AP-AS1 expression was clearly associated with poor prognosis in patients with OSCC.

### Knockdown of MCM3AP-AS1 inhibits OSCC cells proliferation, migration and invasion

As MCM3AP-AS1 expression was highest in SCC-15 and CAL-27 cells among all measured cell lines ([Fig. 1B](#f1-etm-0-0-8738){ref-type="fig"}), these were chosen for investigation. SCC-15 and CAL-27 cells were transfected with MCM3AP-AS1 siRNA or MCM3AP-AS1 siRNA NC. The expression of MCM3AP-AS1 was markedly reduced in the si-MCM3AP-AS1 group compared with the si-NC group (P\<0.05; [Fig. 2A](#f2-etm-0-0-8738){ref-type="fig"}), suggesting that the transfection was successful. The effects of MCM3AP-AS1 on OSCC cell proliferation, migration and invasion were also demonstrated. The data indicated that compared with the si-NC group, SCC-15 and CAL-27 cells of the si-MCM3AP-AS1 group exhibited a significantly decreased OD450 value after transfection for 72 h (P\<0.05; [Fig. 2B](#f2-etm-0-0-8738){ref-type="fig"} and [C](#f2-etm-0-0-8738){ref-type="fig"}). Results from the Transwell assay indicated lower relative migration and invasion in the si-MCM3AP-AS1 group compared with the si-NC group (P\<0.05; [Fig. 2D](#f2-etm-0-0-8738){ref-type="fig"} and [E](#f2-etm-0-0-8738){ref-type="fig"}). It may be that the proliferation, migration and invasion of SCC-15 and CAL-27 cells were inhibited after MCM3AP-AS1 knockdown.

### Expression of miR-363-5p is directly inhibited by MCM3AP-AS1 in OSCC cells

The binding site of miR-363-5p and MCM3AP-AS1 was predicted, and MCM3AP-AS1-WT and MCM3AP-AS1-Mut sequences containing the binding site were designed and are presented in [Fig. 3A](#f3-etm-0-0-8738){ref-type="fig"}. miR-363-5p expression in SCC-15 cells was successfully elevated by transfection with miR-363-5p mimic (P\<0.05; [Fig. 3B](#f3-etm-0-0-8738){ref-type="fig"}). The results of the luciferase reporter assay are shown in [Fig. 3C](#f3-etm-0-0-8738){ref-type="fig"}. It was demonstrated that miR-363-5p upregulation decreased the relative luciferase activity of SCC-15 cells loaded with MCM3AP-AS1-WT sequences (P\<0.05). However, the overexpression of miR-363-5p in SCC-15 cells had no significant influence on the relative luciferase activity of SCC-15 cells loaded with MCM3AP-AS1-Mut sequences. miR-363-5p expression in SCC-15 and CAL-27 cells of si-MCM3AP-AS1 group and si-NC group was detected to further verify the regulatory relationship between MCM3AP-AS1 and miR-363-5p. As shown in [Fig. 3D](#f3-etm-0-0-8738){ref-type="fig"}, compared with si-NC group, much higher relative miR-363-5p level was observed in the si-MCM3AP-AS1 group (P\<0.05). Furthermore, in 36 OSCC tissue samples, there was a significant negative correlation between the relative MCM3AP-AS1 level and the relative miR-363-5p level (P\<0.05; [Fig. 3E](#f3-etm-0-0-8738){ref-type="fig"}). Combining the above results, it can be considered that miR-363-5p expression was directly inhibited by MCM3AP-AS1 in OSCC cells.

### Reduced proliferation, migration and invasion of OSCC cells induced by MCM3AP-AS1 silencing is reversed by downregulation of miR-363-5p

The relative miR-363-5p expression in SCC-15 and CAL-27 cells of the miR-363-5p-inhibitor group was notably lower compared with in the cells of inhibitor-NC group (P\<0.05), indicating that cells were successfully transfected with miR-363-5p inhibitor ([Fig. 4A](#f4-etm-0-0-8738){ref-type="fig"}). Co-transfection was performed on SCC-15 and CAL-27 cells. Compared with the si-NC + inhibitor-NC group, SCC-15 and CAL-27 cells of si-MCM3AP-AS1 + inhibitor-NC group exhibited significantly lower relative proliferation, migration and invasion (P\<0.05). However, when compared with the si-MCM3AP-AS1 + inhibitor-NC group, increased relative proliferation, migration and invasion was found in SCC-15 and CAL-27 cells of the si-MCM3AP-AS1 + miR-363-5p inhibitor group (P\<0.05; [Fig. 4B-D](#f4-etm-0-0-8738){ref-type="fig"}). This illustrated that the reduced proliferation, migration and invasion of OSCC cells induced by MCM3AP-AS1 silencing was reversed by downregulation of miR-363-5p.

Discussion
==========

OSCC is prone to lymph node metastasis and this is the leading cause of mortality in patients ([@b9-etm-0-0-8738]). Finding an effective therapeutic target for OSCC has important clinical implications for improving the prognosis of patients with OSCC in the future. The present study identified that MCM3AP-AS1 was an oncogene in OSCC and downregulation of MCM3AP-AS1 could inhibit OSCC cell proliferation, migration and invasion by enhancing miR-363-5p expression.

lncRNAs are highly conserved non-coding RNA transcripts of \>200 nucleotides in length, which have attracted attention because of the discovery in recent years of their association with the process of tumor formation, invasion and metastasis ([@b10-etm-0-0-8738],[@b11-etm-0-0-8738]). lncRNAs can fold into complex three-dimensional structures and interact specifically with transcription factors, histones and chromatin-modifying proteins, thereby affecting the expression of other genes ([@b12-etm-0-0-8738],[@b13-etm-0-0-8738]). Several lncRNAs have been demonstrated to participate in the occurrence and progression of OSCC, including H1 and HAS2-AS1. In addition to the previously confirmed lncRNAs, the role of other lncRNAs in the initiation and progression of OSCC is still worth exploring. Thus, through clinical data and *in vitro* cell experiments, the present study identified that MCM3AP-AS1 was prominently upregulated in OSCC and that it acted as an oncogene in OSCC. According to the limited studies available, MCM3AP-AS1 is involved in the development of glioblastoma and hepatocellular carcinoma ([@b14-etm-0-0-8738],[@b15-etm-0-0-8738]). Researchers knocked out MCM3AP-AS1 in glioma-associated endothelial cells by lentiviral-mediated sh-MCM3AP-AS1 transfection and noticed the decline in proliferation, migration and invasion of glioma-associated endothelial cells ([@b14-etm-0-0-8738]). Excessive MCM3AP-AS1 expression was also found in hepatocellular carcinoma, and this was associated with a lower 5-year survival rate of patients ([@b15-etm-0-0-8738]). Following the deletion of MCM3AP-AS1 by transfection, hepatocellular carcinoma cell proliferation *in vitro* and growth *in vivo* were both curbed ([@b15-etm-0-0-8738]). The data of the present study were consistent with the results of the aforementioned previous studies and, to the best of our knowledge, this was the first study to report the effects of MCM3AP-AS1 on OSCC.

miRNAs are an important type of regulator that affect post-transcriptional expression levels of genes ([@b16-etm-0-0-8738]). miRNAs are involved in multiple biological functions, including cell proliferation, apoptosis and invasion, and their deregulation is closely related to a variety of human tumors ([@b17-etm-0-0-8738]). Previous studies have reported that MCM3AP-AS1 can regulate the development of glioblastoma and hepatocellular carcinoma by directly binding to miR-211 and miR-194-5p ([@b14-etm-0-0-8738],[@b15-etm-0-0-8738]). The present study identified that MCM3AP-AS1 promoted the development of OSCC by targeting inhibition of miR-363-5p expression. miR-363 has been discovered to be involved in human cancer. Qiao *et al* ([@b18-etm-0-0-8738]) suggested that the upregulated expression of miR-363 can suppress the tumorigenicity and metastasis of neuroblastoma. A previous study also noted that in head and neck squamous cell carcinoma, miR-363 expression was significantly reduced in the tumor tissues of patients with lymph node metastasis and tumor cells with high invasive ability ([@b19-etm-0-0-8738]). Decreased miR-363 expression is conducive to the invasion and metastasis of head and neck squamous cell carcinoma ([@b19-etm-0-0-8738]). In gastric cancer, decreased miR-363-3p is detected in tumor tissues and cells, and tumor cells migration and growth can be suppressed by enhancing miR-363-3p expression ([@b20-etm-0-0-8738]). Thus far, there have been relatively few studies on miR-363-5p in human tumors. Zhang *et al* ([@b21-etm-0-0-8738]) illustrated that low expression of miR-363-5p is correlated with high overall survival of patients with hepatocellular carcinoma and may be a potential prognostic indicator for hepatocellular carcinoma. In patients with nasopharyngeal carcinoma, lncRNA FOXD2-AS1 blocks the expression of miR-363-5p and aggravates tumorigenesis ([@b22-etm-0-0-8738]). The results of the present study revealed that the miR-363-5p expression level was negatively correlated with MCM3AP-AS1 and that silencing of MCM3AP-AS1 inhibited OSCC cell proliferation, migration and invasion by enhancing the expression of miR-363-5p. To further verify this, the measurement of the effects of miR-363-5p overexpression on proliferation, migration and invasion should be performed in the future.

The results from the present study identified that MCM3AP-AS1 expression was markedly elevated in OSCC tissues and cells, and increased MCM3AP-AS1 expression was associated with poor prognosis of OSCC patients. OSCC cells proliferation, migration and invasion were obviously inhibited after MCM3AP-AS1 knockout. Mechanistically, MCM3AP-AS1 directly inhibited miR-363-5p expression and enhanced the development of OSCC. Therefore, MCM3AP-AS1 served a carcinogenic role in OSCC, which might be a potential therapeutic target for OSCC.
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![Expression of MCM3AP-AS1 is upregulated in OSCC tissues and cells. (A) Reverse transcription-quantitative PCR analysis demonstrated a significantly higher relative MCM3AP-AS1 expression level in OSCC tissues compared with normal tissues. ^\*^P\<0.05. (B) The expression of MCM3AP-AS1 in OSCC cells (SCC-9, SCC-15 and CAL-27 cell lines) was significantly higher compared with that of HOK cells. ^\*^P\<0.05 vs. HOK cells. OSCC, oral squamous cell carcinoma.](etm-20-02-0978-g00){#f1-etm-0-0-8738}

![Knockdown of MCM3AP-AS1 inhibits oral squamous cell carcinoma cell proliferation, migration and invasion. (A) The expression of MCM3AP-AS1 was significantly reduced in the si-MCM3AP-AS1 group when compared with that in si-NC group. Compared with the si-NC group, (B) SCC-15 and (C) CAL-27 cells treated with si-MCM3AP-AS1 had significantly decreased OD450 values after transfection for 72 h. The results of the Transwell assays indicated significantly lower relative (D) migration and (E) invasion of the si-MCM3AP-AS1 group compared with the si-NC group (magnification, x100). ^\*^P\<0.05 vs. respective si-NC group. si, small interfering; NC, negative control; OD, optical density.](etm-20-02-0978-g01){#f2-etm-0-0-8738}

![miR-363-5p expression is directly inhibited by MCM3AP-AS1 in OSCC cells. (A) MCM3AP-AS1-WT and MCM3AP-AS1-Mut sequences containing the miR-363-5p binding site were designed. (B) miR-363-5p expression in SCC-15 cells was successfully elevated by transfection with miR-363-5p mimic. (C) miR-363-5p upregulation decreased the relative luciferase activity of SCC-15 cells with MCM3AP-AS1-WT sequences. (D) Compared with the si-NC group, a significantly higher relative miR-363-5p level was observed in the si-MCM3AP-AS1 group. (E) There was a significant negative correlation between relative MCM3AP-AS1 level and relative miR-363-5p level. ^\*^P\<0.05 vs. miR-NC. miR, microRNA; OSCC, oral squamous cell carcinoma; WT, wild-type; Mut, mutant type; si, small interfering; NC, negative control.](etm-20-02-0978-g02){#f3-etm-0-0-8738}

![Reduced proliferation, migration and invasion of OSCC cells induced by MCM3AP-AS1 silencing was reversed by downregulation of miR-363-5p. (A) miR-363-5p expression in SCC-15 and CAL-27 cells of miR-363-5p-inhibitor group was lower than that in cells of the inhibitor-NC group. ^\*^P\<0.05 vs. respective inhibitor-NC group. (B) SCC-15 and CAL-27 cells of si-MCM3AP-AS1 + inhibitor-NC group exhibited lower relative proliferation compared with those of si-NC + inhibitor-NC group and si-MCM3AP-AS1 + miR-363-5p inhibitor group. (C) SCC-15 and CAL-27 cells of si-MCM3AP-AS1 + inhibitor-NC group exhibited lower relative migration compared with those of si-NC + inhibitor-NC group and si-MCM3AP-AS1 + miR-363-5p inhibitor group (magnification, x100). (D) SCC-15 and CAL-27 cells of si-MCM3AP-AS1 + inhibitor-NC group exhibited remarkably lower relative invasion compared with those of si-NC + inhibitor-NC group and si-MCM3AP-AS1 + miR-363-5p inhibitor group (magnification, x100). ^\*^P\<0.05 vs. si-NC + inhibitor-NC group. OSCC, oral squamous cell carcinoma; miR, microRNA; NC, negative control; si, small interfering.](etm-20-02-0978-g03){#f4-etm-0-0-8738}

###### 

Expression of MCM3AP-AS1 and its relationship with the clinicopathological features of patients with oral squamous cell carcinoma.

  Parameter               Low (n=19)   High (n=17)   P-value
  ----------------------- ------------ ------------- --------------------------------------------------------
  Age, years                                         0.7388
       ≥60                11           8              
       \<60               8            9              
  Sex                                                0.7317
       Male               12           12             
       Female             7            5              
  Clinical stage                                     0.0228^[a](#tfn1-etm-0-0-8738){ref-type="table-fn"}^
       I/II               12           4              
       III/IV             7            13             
  Lymph node metastasis                              0.0.0058^[b](#tfn2-etm-0-0-8738){ref-type="table-fn"}^
       No                 11           2              
       Yes                8            15             

^a^P\<0.05 and

^b^P\<0.01 by χ^2^ test.
